



Thirty-eightfield force soldiers were studied to 
investigate the influence of training with 
repetitive dynamic curl-ups on the static holding 
capacity of abdominals for lumbopelvic control 
when load was progressively applied via lower 
limb movements. Results indicated that when 
high numbers of curl-ups (>51) were able to be 
performed continuously, the static capacity of 
the abdominals was higher (p<O.01). However, 
the ability to statically hold was found to be 
even more dependent on the speed at which the 
curl-up was performed (tKO.0001). Those 
regularly performing the curl-up at a rapid rate 
demonstrated decreased static abdominal 
function. The results suggestthatwhen training 
theabdominals fora stability function, curl-up 
exercises should be performed at a slow 
controlled rate. 
[Wohlfahrt DA, Jull GA and Richardson CA: The 
relationship between the dynamic and static 
function of abdominal muscles. Australian 
Journal of Physiotherapy 39:9-13] 
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ORIGINAL ARTICLE 
The relationship 
between the dynamic 
and static function of 
abdominal muscles 
T he~e are many exercise methods which may affect the strength 
. and endurance of the abdominal 
muscle group. One commonly 
practised exercise for abdominal 
muscle assessment and strengthening is 
the trunk curl-up (Kendall and 
McCreary 1983). 
This type of exercise relies on the 
ability to move from supine lying to 
sitting and is dependent upon dynamic 
strength of the abdominal muscle 
group. Functionally, the abdominal 
muscle activity that is perhaps more 
important, especially when considering 
the loaded upright posture, is the 
ability of the abdominal muscle group 
to co-contract isometrically, 
promoting stability in the lumbopelvic 
region (Kendall and McCreary 1983, 
Richardson et a11990, Thorstensson 
and Arvidsson 1982). Stability in this 
region is necessary to protect the 
lumbar spine and associated strUct\.lres 
from injury when subject to load 
(Richardson et al 1990, Thorstensson 
and Nilsson 1982). Promotion of this 
stabilising role should be a prime 
consideration when designing an 
exercise programme to improve 
strength and endurance in the 
abdominal muscle group. 
It is well recognized that training 
involving dynamic exercise skills does 
not necessarily result in improvement 
of isometric exercise skills (Fleck and 
Schutt 1983). For this reason the use of 
a dynamic curl-up as the sole training 
of the abdominal muscles may not 
result in an improvement in their 
ability to statically control the lumbar 
spine and pelvis during leg loading 
activities. 
There are other features of the 
dynamic curl-up exercise which may 
affect the ability of the abdominal 
muscles to support the spine. The 
abdominal muscles with a prime 
stabilising role are considered to be the 
internal and external oblique 
abdominals and transversusabdominis 
rather than the rectus abdominis 
(Richardson et al 1990). The curl-up 
exercise, especially if the flexion 
movement is performed rapidly, would 
favour rectus abdomiIiis activity rather 
than the action of the obliques 
(Daniels and W orthingham 1986, Flint 
1965, Thorstensson et aI1985). 
Therefore repetitive curl-ups, 
especially if performed at a high speed, 
could lead to reduced activity of the 
muscles designed to support and 
protect the lumbar spine. 
The aim of this study was to 
determine if an ability to perform curl-
ups reflected an ability of the 
abdominal muscles to promote stability 
in the lumbopelvic region. 
One method of achieving the aim was 
to select a population group who 
undertake a predominance of curl-up 
activities for their general abdominal 
muscle training. By testing their 
abdominal muscles in their role of 
lumbopelvic stabilisers and comparing 
this assessment to their level of 
functional dynamic capacity, an 
estimation could be made of the degree 
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to which training dynamic function 
resulted in improvement of static, 
stabilising muscle function. 
Method 
Subjects 
Subjects were drawn from the 
Australian Army. They were 
considered appropriate for this study 
because of the required training of 
their abdominal muscles. The army 
regulates that soldiers undertake a 
twice-yearly Basic Fitness Test (EFT), 
one task of which is to perform 65 
repetitive curl-ups at a cadence of one 
every three seconds. However, no 
formal training or testing is undertaken 
for the stability role of these muscles. 
The 38 subjects included in this study 
were randomly selected from a division 
of male field force soldiers who had 
passed the BFT curl-up test within the 
last two months. Additional 
requirements included no history of 
back pain or other musculoskeletal 
condition of a nature or severity which 
might interfere with their ability to 
perform the tests accurately and safely. 
Measurements 
The Dynamic Curl-Up Test 
This exercise was performed as per the 
Defence Instruction on Physical 
Fitness (1988) namely: from a crook 
lying position, with the knees flexed to 
90 degrees, the head and trunk were 
flexed in succession to raise the upper 
body. The hands were slid along the 
thighs until the wrist touched the top 
of the knee. The upper body was then 
lowered to the start position. Lifting 
the heels off the ground was not 
permitted. The exercise was 
terminated when the required 65 curl.,. 
ups were performed Or if the subject 
stopped or was unable to maintain the 
cadence. The capacity of .an individual 
subject to perform a curl-up was 
determined by the number of curl-ups 
which could be performed at the 
cadence of one every three seconds. 
Preliminary observation of soldiers 
performing the curl-up exercise 
reVealed that there was variation in 
ORIGINAL ARTICLE 
Figure 1. 
The pressure biofeedback unit, positioned in the lumbar curve, monitors the stable 
position of the spine during testing with the lower limbs. 
interpretation of the cadence required. 
Some soldiers used the entire three 
seconds to slowly perform the exercise 
while at the other extreme, some 
performed the movement quickly, ie 
they completed the curl-up in one 
second and rested for the other two 
seconds. This difference in the speed at 
which the movement was performed 
within a generalised set rate of one 
every three seconds presented another 
variable in this study. 
For this reason, the number of curl-
ups performed was recorded for each 
subject as was the cadence, ie whether 
the curl-up was completed in one 
second, two seconds or the full three 
seconds. 
The Isometric Stability Test 
In this study, trunk muscle stability was 
assessed by the subject's proficiency in 
isometrically contracting the 
abdominal muscles, in order to hold 
the pelvis and lower trunk stable, while 
load was progressively added by 
movements of the lower limb(s). 
A pressure biofeedback unit 
(Chattanooga AustraliaPtyLtd) was 
used to monitor the position of the 
lumbar spine during this action (Figure 
1). The pressure biofeedback unit . 
(Richardson et aI1992) comprlsed a 
tri-sectional inflatable rectangular 
cushion (23 x 14 cm) connected to a 
pressure gauge (measuring 0-
300mmHg) and inflation device. The 
cushion was inflated to accommodate 
the existing space between the subject's 
lumbar spine and the exercise mat 
(approximately 40mmHg). The device 
was sealed and changes in pressure 
reflected uncontrolled movement of 
the lumbar spine. 
To attain a level in the test exercises, 
the lumbar spine position had to be 
maintained. Using the pressure 
biofeedback unit, inability to maintain 
the isometric contraction of the 
abdominal muscles and the steady 
position of the lumbar spine was 
readily detected by a drop in pressure 
below the baseline level. There were 
five progressions of the test exercise. 
Progressing from level one to five, the 
resistance load produced by movement 
of the legs acting on the lumbopelvic 
region, was increased. 
The degrees of difficulty of the test 
exercises were as follows (Sahrmann 
1990): 
Levell: from a crook lying position, 
the abdominal muscles were pre-set. 
The subject slowly raised one leg toa 
position of 100degrees.ofhip flexion 
with knee flexion and then slowly 
raised the other leg into a similar 
position without loss of pressure 
behind the lumbar spine. 
This positionvvas the start position 
for the follOwing fout levels. The 
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figure 2. 
Distribution of isometric strength values of fitness Groups A ami B. Subjects who 
performed a greater number of curl-ups (fitness Group BI achieved significantly higher 
isometric strength levels. 
pressure recorded in the biofeedback 
unit was noted and any drop in 
pressure denoted that stability had 
been lost during the performance of 
one of the following test exercises. 
Subjects were graded at the exercise 
level where lumbopelvic control was 
maintained. 
Level 2: from the start position, the 
subject slowly lowered one leg and, 
with the heel down on the exercise 
mat, slid the leg out to straighten the 
knee, then slid it back up into the start 
position. 
Level 3: from the start position, the 
subject slowly lowered one leg and, 
with the heel maintained 
approximately 12cm off the ground, 
fully extended the leg and then moved 
it back to the start position. 
Level 4: from the start position, the 
subject lowered both legs together, and 
with the heels down on the exercise 
mat, slid the legs out to straighten the 
knees and then slid back and raised 
them to the start position. 
LevelS: from the start position, the 
subject simultaneously extended both 
legs keeping the heels approximately 
12cm off the ground and then flexed 
the legs back to the start position. 
Procedure 
Subjects who fulfilled the inclusion 
criteria entered the study after giving 
their informed consent. Subjects were 
assessed for their capacity to perform 
the curl-up test. The number of 
repetitions successfully completed was 
recorded. The speed at which the curl-
up was performed, ie whether it was 
completed in one, two or three seconds 
was calculated with the use of a timing 
device. 
After a rest period, subjects were 
instructed in the method of 
performance of the exercise that would 
be used to assess the isometric stability 
contraction of the abdominal muscles. 
To minimise the likelihood of fatigue 
affecting performance, actual testing 
and grading of isometric abdominal 
muscle contraction was commenced at 
an interval of 48 hours after the curl-
up test. At this time, only levels one to 
three were assessed. Two practice trials 
were allowed at each level if required 
and between assessment of levels, there 
was a 15 minute rest period. Levels 
four and five were assessed in a similar 
manner 24 hours later, in those 
subjects who had achieved a level three 
rating. 
The subjects were initially grouped 
according to the number of repetitions 
of the curl-up exercise performed. An 
arbitrary division was made dividing 
the total sample population into two 
equal fitness subgroups, named Fitness 
A «51 curl-ups performed) and Fitness 
B (> 51 curl-ups performed) each 
consisting of 19 subjects. The mean 
age of the subjects was similar in each 
group (21. 8 years and 2 1.3 years 
respectively). The mean number of 
curl-ups performed by Fitness A 
subjects was 38.1 ± 9.3 while Fitness B 
had a mean of 63.3 ± 3.1 curl-ups. 
As the speed of performance of the 
curl-up may have influenced the 
results, the subjects were also divided 
into speed related groups to enable the 
effect of speed to be investigated 
concurrently with the main study. 
These groupings related to whether 
the curl-up was performed in one, two 
or three seconds. Collation of the data 
with respect to speed of performance 
of the curl-up indicated that 16 
subjects completed each curl-up within 
one second, 14 in two seconds and 
eight subjects used the allowed three 
seconds to complete each curl-up. 
Results 
To investigate the effect on the 
isometric abdominal test level of the 
fitness category and speed at which the 
subjects performed the curl-up, a two-
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way analysis of variance (ANOVA) was 
performed. This analysis required the 
levels of isometric contraction of 1,2, 
3,4 and 5 to be transformed into the 
ordinal ranked data scores of -1.16, -
0.5,0.0,0.5, 1.16 respectively (Fisher 
1963). 
The results of the ANOVA (Table 1) 
indicated that both the fitness level 
(p<0.01) and more significandy, the 
speed of performance of the curl-up 
(p<0.0001) highly influenced the 
isometric test level. 
Figure 2 illustrates that subjects who 
performed a higher number of curl-ups 
were more likely to attain the higher 
levels in the isometric abdominal 
strength test (ie levels 4 and 5). The 
mean level attained by Fitness A was 
2.26 while that for Fitness B was 3.73. 
The isometric abdominal level for the 
three speeds is shown in Figure 3. It 
would appear that the slower (full three 
second cadence) and more controlled 
(less ballistic) the curl-up movement, 
the higher the level of abdominal 
isometric strength of the subject. To 
determine if observed differences in 
these distributions were significant, 
post hoc paired comparisons of the 
three speed means were performed. 
The result from the Scheffe test 
indicated that there was a significant 
difference between all three speeds 
(p<0.05). This confirmed the 
observation that the more slowly the 
curl-up was performed, the more likely 
the subject was to have the higher 
levels of abdominal isometric strength. 
Discussion and 
Conclusions 
The results of this study indicate that 
the ability to perform more than 51 
curl-ups (Fitness B) will reflect a 
superior ability of the abdominal 
muscles to stabilise the lumbopelvic 
region. Thus the capacity of the 
abdominals to perform a dynamic 
function does carryover to their 
stabilising function but only when high 
numbers of curl.-ups are able to be 
performed (Figure 2). 
The most significant finding of this 
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Figure 3. 
The influence of speed of curl-up on isometric abdominal levels. Subjects with a slow 
cadence curl-up (3 seconds) had significantly higher isometric abdominal strength levels 
than subjects with a more rapid cadence (1 second). 
initial investigation was that the level 
of stabilising ability of the abdomina:ls 
was highly related to the speed at 
which the curl-up exercise was 
regularly performed by the individ:uals 
(p<O.OOOI). That is, the faster the 
training movement of the curl-up, the 
poorer the lD.easured level of . 
abdoIninalstabilising function. 
Evidence is accumulating that speed 
will influence the function and activity 
of the lD.useles used to stabilise and 
support articular structures. It would 
seelD.that rapid movements recruit the 
prime movingmuseles Without 
comparable activity in the lD.useles 
required for stabilisation. 
ThorsteilsSon etal (1985) found that 
increasing t:runk flexion speed resulted 
in increased activity of rectus 
abdominis With no increase in activity 
in the oblique abdominals. Similarly 
during rapid paw shaking in the cat, 
gastrocnemius was found to be very 
active while soleus was inhibited 
(Smith et al 1980). In the human lmee, 
Richardson and Bullock (1986) showed 
that with increasing speed of lmee 
flexion and extension movements, 
muscle activity increased in the rectus 
femoris and hamstrings but not in the 
vasti. The vasti appeared inhibited 
during this rapid (low load) activity. 
Training using fast repetitive 
movements would seem to have similar 
consequences. For example, Ng and 
Richardson (1990) trained subjects for 
four weeks in heel raising with 
increasing speeds. At the end of the 
period, subjects displayed a significant 
increase in jump height ability but a 
decrease in isometric strength of the 
soleus muscle. Elite cyclists who train 
with fast repetitive movements have 
also been found to have significandy 
less static stabilising function in the 
gluteus maximus as compared to non-
trained controls (Richardson and Sims 
1991). 
The results of this current study 
support the growing body of 
lmowledge of the effect of fast 
movements on muscles' stability 
capacity. A cause and effect 
relationship between the speed of curl-
-up training and decreased static or 
stability capacity of the abdominals was 
beyond the scope of this stud~T but 
further studies to specifically 
investigate this phenomenon are 
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warranted in view of the significant 
trends found. 
In the prevention of the development 
of pain and joint dysfunction, joint 
support and control by active muscle 
stabilisation is essential. In relation to 
the lumbar spine, this initial study 
would suggest that if the curl-up is 
being taught with the aim of 
developing the abdominal muscles' 
stability capacity, then the curl-up 
should be performed at a slow 
controlled rate. 
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